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ABSTRACT 
Introduction 
Many studies have used different diagnostic methods to detect and measure the mental 
loop. Due to different criteria used and dissimilar diagnostic techniques diverse results 
were found in these studies.  
Understanding anatomical structures are crucial for planning and placing dental implants. 
Implant surgeons should be familiar with anatomical variations that they may encounter. 
Methods 
CBCTs of twenty male and twenty female patients were selected and categorized into 
four groups; male and female groups aged (18-44) and male and female groups aged (45-
65). SIMPLANT Pro 17.01 software was used to determine the shape and the extension 
of the mental loop. Data was collected and analyzed for statistical significance to 
determine the association between CBCT findings and the patient's gender and age.  
Results 
The extension of the anterior loop of the metal nerve in this study ranged between 0 – 
3.17mm. The mean of the loop was 1.25mm. The mental loops mean extension in males 
  v 
was 1.25mm. The mental loops mean extension in females was 1.23mm. The mental 
loops mean extension in elders was 1.19mm. The mental loops mean extension in 
younger group was 1.28mm. Subjects tend to have more curved mental loops compared 
to straight loops regardless the gender and/ or age group.  
Conclusion  
In this study no association found between the shape and the extension of the mental loop 
with subjects age and gender. Measuring the extension of the mental loop should be 
mandatory for each individual to avoid injuries during implant placement in the 
interforaminal region. 
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INTRODUCTION  
Knowledge of anatomy of oral structures is necessary to familiarize implant surgeons 
with the anatomical variations that they may encounter 1.   
The mandible is the largest bone in the human skull. It plays important roles in holding 
the teeth, aiding in mastication and forming the lower jaw line. The mandible is located 
inferior to the maxilla and consists of the body and the ramus. The superior border of the 
ramus gives rise to the condyloid and the coronoid process. The medial surface contains 
the mandibular foramen through which the inferior alveolar artery and the inferior 
alveolar nerve pass and subsequently course through the mandibular canal 2.  
The inferior alveolar nerve is the main nerve related to the mandible. It is a branch of the 
mandibular division of the trigeminal nerve, and its branches transmit sensation to the 
lower teeth. The inferior alveolar nerve divides into the mental nerve and the incisive 
nerve at the mental foramen 3.  
The mental nerve most commonly is divided into three branches that emerge from the 
mental foramen. They innervate the skin in the mental area of the chin, the lower lip, the 
mucous membrane and the gingiva anterior to the second bicuspid 4. The mental nerve 
may also innervate tissue adjacent to incisor teeth 5.  
Anterior to the mental foramen, the incisive canal is a continuation of the mandibular 
canal 6, 7. A neurovascular bundle may exist in the intertrabecular spaces of the incisive 
canal 8.  
The mental foramen is a funnel-shaped opening on the anterolateral side of the mandible 
at the terminal end of the mental canal 9. In 1998 Mbajiorgu pointed out various shapes of 
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mental foramena in his study subjects. He found that 43.8 % of the mandibles had round 
foramena, while 56.3 % of the jaws had oval foramina 10. It has been reported that 67.2 % 
of the population have the mental foramen stationed at the apex of the lower arch second 
premolars with an average size of 3.4 mm vertically and 4.6 mm horizontally 11. The 
mental foramen after tooth extraction can be closer to the alveolar crest due to the 
resorption of the alveolar bone 12.  
The anterior loop of the mental nerve can be defined as the mental neurovascular bundle 
crossing inferiorly and anteriorly to the mental foramen which then loops back to exit the 
mental foramen 13. Many studies have used different methods to detect and measure the 
anterior loop including surgical cadaver dissections, panoramic films of markers in dried 
skulls and cadaver mandibles, patients, periapical radiographs and CT scans 14. Due to 
different criteria used to define the anterior loop and dissimilar diagnostic techniques 
diverse results were found in these studies 14.  
Radiographic studies indicated that the anterior loop ranged in size from 0 to 7.5 mm 14. 
These studies may overestimate or underestimate the extension of the mental loop 14. 
In 1988 Misch described four bone densities and classified them based on macroscopic 
cortical and trabecular bone characteristics. D1 bone is primarily dense cortical bone and 
primary present in anterior mandible, D2 bone that has coarse trabecular bone surrounded 
by thick cortical bone. This type of bone can be found in anterior and posterior mandible. 
D3 bone has thinner porous cortical crest and fine trabecular bone within. This type is 
commonly found in anterior and posterior maxilla, but can be found in posterior 
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mandible. Lastly, D4 bone where fine trabecular bone composes almost all the volume of 
bone. The typical location for this type is the posterior maxilla 15.  
Cautious pre-surgical planning and radiographic assessment are essential to avoid 
neurological trauma during implant surgery in the interforaminal region 16.  
Panoramic radiography has been used as a main diagnostic tool in implant dentistry. 
However this technique cannot accurately identify the extension of the anterior loop or 
the mental foramen, due to poor resolution and size distortions 16.  
Many factors can cause image distortion, including the shape of the dental arch, the tooth 
location, the position of the head, the type of panoramic equipment and the use and 
location of a bite block 17, 18. Panoramic radiographs also do not provide valid 
information regarding bone quality and quantity available 16, In contrast the CBCT has 
proven to be reliable in evaluating bone since it provides images with high contrast 19. 
Ngeow concluded that panoramic radiography is not sufficient for pre-surgical implant 
planning and other modalities such as CT scan need to be implemented for better 
visualization of the area 20.  The use of CT scan and CBCT allow three-dimensional 
imaging without magnification and distortion. CBCT has the advantage of providing high 
quality images with less radiation exposure than CT 28.   
CBCT can accurately measure the following parameters: 1) linear measurements of the 
ridge width, height and relative bone quality; 2) alveolar ridge topography; 3) vital 
anatomic structures relevant to the implant site; and 4) incidental pathology 29. 
CBCT is a useful tool and it has become widely acceptable to use CBCT as a standard of 
care in pre-surgical assessment and implant planning. 
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In 2009 Ngeow studied visibility of the mental loop in panoramic radiographs in dentate 
subjects of various ages. They concluded that visibility of anterior loops was reduced as 
the age of subjects increased. Also they found no association between visualization of the 
anterior loop and subject gender. They attributed the difficulty in visualizing the anterior 
loop in older subjects to the reduced calcification of the cortex that occur with increasing 
age 20.  
A few studies investigated the path of emergence of the mental canal and mental foramen 
in different population groups. Solar concluded that the mental canal crosses cranially at 
an angle of inclination ranging between 11° to 77° 20.  In 2002 Kieser emphasized that the 
most common path of emergence of mental foramen in Caucasoid and Maori populations 
was a posterior direction, while in black populations the most common pattern was a 
right-angled path of emergence 22.  
Fabian studied mandibles of Tanzanian subjects and concluded that the direction of 
mental foramen opening in relation to mental canal was superiorly in 44%, postero-
superiorly in 40%, labially in 10%, mesially in 3%, and posteriorly in 3% of cases 23. 
The increase use of dental implants has given a practical option to provide patients with 
almost a third set of dentition 24. Dental implants are typically screw-shaped, inserted into 
either the maxilla or mandible, and serve to replace the tooth root 26. Dental implants 
have relatively high long-term survival rates 25. Dental implants have become a routine 
practice, which also marked to increased neurosensory injuries, hemorrhages and other 
complications 24.  
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 In-depth understanding and knowledge of the adjacent anatomical structures are crucial 
for planning and placement of dental implants 24. In the mandible special attention should 
be paid to the inferior alveolar canal which contains the neurovascular bundle at the 
posterior area, and the mental foramen, mental nerve and the anterior loop of the mental 
loop in the interforaminal area 24.  
Many studies have recommended a 2 mm safety margin from the nerve during implant 
placement 26, 27. This is also can be used when placing implants mesial, above, or distal to 
the mental foramen up to the mesial half of the first molar area 27. As a general guideline 
when placing an implant in the interforaminal area, it is recommended to drill the 
osteotomy 6 mm anterior to the mental foramen to avoid damaging the anterior loop of 
the mental nerve 1. Violating these principles may lead to injury of the inferior alveolar 
nerve, mental nerve, or adjacent blood vessels 14.  
These kinds of injuries may result in malpractice lawsuits against the implant surgeon. 
The responsibility includes, but not limited to justifiable indication for the surgery, 
treatment plan, patient orientation and professional conduct during treatment and after 
any complication 29.  
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MATERIALS AND METHODS 
This is a retrospective study to measure the mental nerve loop using existing CBCT scan 
images of 40 Boston University Henry M. Goldman School of Dental Medicine patients 
aged 18-65.   
All CBCT scans used the Sirona Galileo system and were taken between January 2016 
and February 2017. 
CBCT scans of twenty male and twenty female patients aged between (18-65) were 
selected randomly by members of the Radiology Department and categorized into four 
groups; younger male and female aged (18-44) and older male & female aged (45-65). 
Each sample was assigned a number to insure blind reading and lack of bias. 
Mapping the nerve, detecting the shape and measuring the extension of the anterior loop 
of the mental nerve was done by a single researcher after intensive training by the 
radiology department using the SIMPLANT Pro 17.01 software. 
Mapping the nerve for each CT scan was done according to the software manufacturer’s 
training manual as the follows: 
1. The panoramic curve was drawn (Figure 1).  
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Figure 1: Drawing Panoramic Curve 
 
2. The nerve was mapped by clicking on the mental foramen in the 3D view 
window. 
3. The points of the nerve within the cross sectional view was defined to draw the 
loop (Figure 2). 
 
Figure 2: Mapping the Nerve 
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4. The panoramic view was used to draw the rest of the nerve by scrolling to the 
right slice (Figure3).  
 
Figure 3: Mapping the Rest of the Nerve 
 
After drawing the nerve it was viewed in the 3D view window to assess the mental loop 
shape and to measure the mental loop extension. Forty cases with 80 loops were 
measured. Calculating the anterior extension of the mental loop was done using the 
measurement tools provided by the software to measure the distance from the most 
mesial aspect of the mental foramen to the most mesial border of the mental loop as 
follows: 
1. The mental foramen was viewed in the 3D view 
2. The transparency tool was used to view the anterior mental loop 
3. A tangent line was drawn at the most mesial point of the mental foramen (Figure 
4). 
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Figure 4: Drawing a Tangent Line at the Mesial Aspect of Mental Foramen 
 
4. Another tangent line was drawn at the most mesial point of the mental loop 
(Figure 5). 
 
Figure 5: Drawing a Tangent Line at the Most Mesial Point of the Mental Loop 
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5. The distance between the two lines was measured using the software ruler and the 
distance was recorded (Figure 6). 
 
 
Figure 6: Measuring the Distance Between the Two Lines 
 
 
Measurement of the mental loop was repeated after 10 days and the mean of the two 
distances for each sample was recorded if the difference between both distances was 
less than 0.5 mm. If the difference was 0.5 mm or more the measurement was 
repeated and the mean of the two closest outcomes (less than 0.5 mm) was recorded.   
The approximate shape of the mental loop was defined in the 3D view using the 
transparency tool. The shape will depend on the way the nerve enters the mental 
foramen after passing the inferior border and the anterior wall of this foramen. The 
shape will be straight in cases where the nerve doubles backward and form a right 
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angle (Figure 7), whereas the shape will be curved when it runs backward as an arch 
(Figure 8).  
           
Figure 7: Straight Shaped  
 
Figure 8: Curved Shape 
 
After obtaining the needed data statistical analysis was done. 
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RESULTS 
A total number of 40 CBCT scans fulfilled the criteria and were used in this study. The 
male to female ratio was 1:1. There were 9 CBCT scans in the older male group, 11 
CBCT scans in the older female group, 11 CBCT scans in the younger male group and 9 
CBCT scans in the younger female group. 
1. By using the SIMPLANT Pro 17.01 software we were able to measure the 
extension of the anterior mental loop from the mental foramen in four different 
groups (Table 1, Table 2, Table 3 and Table 5).  
1.1. The extension of anterior mental loop in this study ranged between 0 and 
3.17 mm (Table 1 – Table 4), with a mean of 1.25 mm. 
1.2. The extension mean was 1.43 mm for the younger female group, 1.06 mm for 
the older female group, 1.16 mm for the younger male group and 1.35 mm 
for the older male group (Table 5).  
1.3. The mental loop mean extension in males was 1.25 mm, SD 0.73 and 1.23 
mm, SD 0.72 in females. The difference between these two groups was 
statistically not significant (P-value=0.9259). 
1.4. With regard to age the mean of the anterior mental loop extension in older 
groups was 1.19 mm, SD 0.69 and 1.28 mm, SD 0.76 in the younger groups. 
The difference between these two groups was statistically not significant (P-
value=0.6791). 
2.        The shape of 80 mental loops was defined and assessed in four different 
groups. 
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2.1. Subjects tend to have more curved mental loops compared to straight loops 
regardless of gender and/ or age.  
2.2. Females had more curved loops (79.8%) compared to males (69.7%) in the 
right (Table 5) but that was statistically not difference (p-value=0.7164). 
Both groups had almost similar results in the left (70.7%) in females and 
(69.7%) in males.  
2.3. Younger subjects had more left curved (75%) compared to older subjects 
(65%) but this was not statistically different (p-value=0.7301). The two 
groups had almost similar proportion in the right side which was (75%) in the 
younger subjects and (74%) in the older ones (Table 5).  
According to these findings no associations could be found between the extension and the 
shape of the metal loop and the subject’s age or gender.     
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DISCUSSION 
The wide spread use of dental implants to treat edentulous areas requires taking into 
account the problems that may occur during or after their placement. Comprehensive 
treatment planning and proper diagnostic tools are key elements to assure positive 
outcomes.   
Complications due to an inappropriate path or depth of dental implant placement is 
relatively common in the interforaminal region of the mandible particularly when not 
taking into account the extension of the anterior loop of the mental nerve 30, 31. Besides 
selecting the site of placement preoperative radiographs and diagnostic tools are 
necessary to determine the number of dental implants and the optimal sizes 32.  
According to Garay & Olate (2013) panoramic radiographs have limited ability to detect 
anatomical structures and to evaluate available bone for implant placement 33. They 
pointed out that geometric distortion of the anatomical structures is one of the drawbacks 
to panoramic radiographs. Panoramic radiographs may have limited usage for implant 
placement at the interforaminal region of the mandible and may cause overestimation or 
underestimation of the metal loop extension. This may compromise detection of the 
mental loop compared with the CBCT 32, 34.  
Factors such as the type of the panoramic machine, the shape of the dental arch and the 
head position may affect the panoramic radiographs accuracy and cause image distortion 
17, 18.  
Identifying various anatomical structures and potential problems depends on the picture 
quality and contrast between neighboring structures 32. The CBCT has proven to be 
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reliable in evaluating bone since it provides images with high contrast and without 
overlapping of anatomic structures. CBCT is also reliable imaging technique for the 
maxillofacial region 32, 19, 35.  
Detection of the extension of the mental loop by panoramic radiographs has been shown 
to be inaccurate in various studies 34, 16, 18.    
According to Vujanovic-Eskenazi the mental loop was detected in 36 % of panoramic 
radiographs and in 49 % of CBCTs 16. However in a study by Couto-Filho the mental 
loop was identified in 43 % of cases by using the panoramic radiographs but only 30 % 
by using the CBCT. According to this study the statistical comparison between the CBCT 
and the panoramic radiographs showed that panoramic radiographs gave false positives 
32.  
Many studies support the use of the CBCT due to the following: 1) linear measurements 
of the ridge width, height and relative bone quality; 2) assessment of the alveolar ridge 
topography; 3) characterization of vital anatomic structures relevant to the implant site; 
and 4) recognition of incidental pathology 27. 
For these reasons we decided to use the CBCT in our study and we recommend this tool 
to be a standard of care in implant treatment planning.  
As we mentioned earlier proper planning with different diagnostic tools can lead to 
successful implant placement. Part of treatment planning is to take extra care when 
preparing to place an implant in the interforaminal region. The anterior mental loop is an 
important anatomical structure that extends to this area, so special care is needed to avoid 
injuries and further complications 28. Many factors may cause sensory disturbance in the 
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foraminal region such as: implant impinging the nerve, pressure caused by hematoma, 
edema or scars. Injury of the inferior alveolar nerve, mental nerve, or adjacent blood 
vessels can happen if the mandibular canal or mental foramen was violated during 
osteotomy. This may result in parasthesia, hypoesthesia, hyperesthesia, dysthesia, or 
anesthesia the lower lip, the teeth or surrounding skin and mucosa 36. It may also cause 
arterial or venous bleeding 14.  
To avoid possible injuries in the interforaminal area, many studies have recommended a 
safety zone to avoid damaging the anterior loop of the mental nerve when placing dental 
implants anterior to the mental foramen 14. The anterior loop was shown to vary in size 
from 0 and 7.5 mm 14.  However radiographic studies may overestimate or underestimate 
the extension of the mental loop 14.  
The length of the anterior loop in our study ranged between 0 and 3.17 mm. This range is 
in correlation with Kuzmanovic study on dissected cadavers in which the range was 
between 0.1 mm and 3.3 mm 34. Other studies using different techniques have shown 
similar results to Misch and Mardinger 13, 31. A study on cadavers by Solar indicated that 
the mean extension of the mental loop is 1 mm 21. This value correlated with our study in 
which the mean is 1.25 mm.  
In our study we divided the sample into different groups according to age and gender to 
measure the extension of the anterior mental loop and to identify any difference between 
these groups. To the best of our knowledge no study has been done with this regard. We 
had 9 CBCT scans in the older male group, 11 CBCT scans in the older female group, 11 
CBCT scans in younger male group and 9 CBCT scans in younger female group. 
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Based on gender the mental loop mean extension in males was 1.25 mm and was 1.23 
mm in females. There was no difference between both groups. These findings are in the 
same range of Sridhar findings where they used CBCT to measure length of the mental 
loop in males and females 28.  
With regard to age no difference found between the older group and the younger group. 
In the older group the mean anterior loop extension was 1.19 mm and it was 1.28 mm in 
the younger group. Many studies have indicated a decrease in visibility of the mental 
loop with increase in age. They attributed the difficulty in visualizing the anterior loop in 
older subjects to the reduced calcification of the cortex that happens with age 20. This will 
lead to an enlarged marrow spaces and disoriented trabecular patterns that will affect the 
visibility of the mental loop 17.  
The subjects we studied tend to have more curved mental loops compared to straight ones 
regardless of age and gender. Few studies discussed the path of emergence of the mental 
canal and mental foramen in different population groups. Kieser emphasized in his study 
that the most common path of emergence of mental foramen in Caucasoid and Maori 
populations was a posterior direction, while in black populations the most common 
pattern was a right-angled path of emergence 22. A study by Fabian on subjects of 
Tanzanian mandibles concluded that the direction of mental foramen opening in relation 
to mental canal was superiorly in 44%, postero-superiorly in 40%. In our study we did 
not divide subjects according to ethnicity but according to age and gender 23.  
 18 
 
 
In our study females tend to have more curved loops than males but it was not significant. 
Also we found that younger subjects had more curved loops when compared to older 
subjects but it was not statistically different.  
In our understanding posterior mental foramen opening in relation to mental canal or 
curved mental loop tend to cross over larger area than superior mental opening or straight 
mental loop, so more attention needed in such cases.  
In this study no association found between the shape and the extension of the mental loop 
with subjects age and gender. Measuring the extension of the mental loop should be 
mandatory for each individual to avoid injuries during implant placement.  
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Conclusion 
Proper treatment planning is necessary to avoid nerve injuries before implant placement. 
When placing dental implants in the mental zone it is always recommended to use CBCT 
to detect the extension of the mental loop to prevent possible complications. In this study 
no difference found in the shape and the extension of the mental loop between different 
age and gender groups. Further research is needed with larger sample to confirm these 
results.  
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APPENDIX 
Sample RT Loop LF Loop RT Shape LF Shape 
 
Age 
AL7 1.8 2.0 Straight Curved 
 
60 
AL10 1.3 0 Straight Straight 
 
46 
AL14 1.15 1.3 Straight Straight 
 
54 
AL17 1.75 2.72 Curved Straight 
 
59 
AL24 1.2 1.8 Curved Curved 
 
62 
AL32 1.29 0 Curved Curved 
 
64 
AL33 0.86 0.95 Curved Curved 
 
56 
AL37 1.77 1.38 Curved Curved 
 
59 
AL39 1.48 1.63 Curved Curved 
 
55 
 
Table 1:  Male Older Group (45-65) 
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Sample RT Loop LF Loop RT Shape LF Shape 
 
Age 
AL1 0 0 Curved Straight  59 
AL3 0 0 Straight Curved  53 
AL6 1.5 1.1 Curved Straight 
 
47 
AL9 1.7 2.3 Curved Curved  60 
AL11 1.5 0 Curved Straight  61 
AL16 1.1 0.98 Curved Curved 
 
56 
AL23 2.0 2.15 Curved Curved 
 
46 
AL25 0 0 Curved Curved 
 
61 
AL28 1.81 1.82 Straight Curved 
 
48 
AL29 1.33 1.57 Curved Curved 48 
AL31 1.09 1.31 Curved Straight 54 
 
Table 2:  Female Older Group (45-65) 
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Sample RT Loop LF Loop RT Shape LF Shape 
 
Age 
AL2 0 0.8 Straight Straight  44 
AL5 1.4 2.4 Curved Curved  36 
AL8 0 1.1 Straight Straight 
 
26 
AL12 0 1.2 Curved Curved  28 
AL15 1.75 2.1 Curved Curved 33 
AL18 3.17 2.7 Curved Curved 
 
30 
AL19 1.5 0 Curved Curved 
 
22 
AL21 0 0.6 Curved Curved 
 
41 
AL22 1.98 1.4 Curved Curved 
 
27 
AL26 0 0.63 Curved Straight 27 
AL41 0.95 1.87 Straight Curved 38 
 
Table 3:  Male Younger Group (18-44) 
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Sample RT Loop LF Loop RT Shape LF Shape 
 
Age 
AL4 1.8 1.7 Curved 
 
Straight 
 
26 
AL13 0 0.83 Curved 
 
Curved 
 
37 
AL20 1.42 1.9 Curved 
 
Curved 
 
29 
AL30 0.81 1.65 Curved Curved 
 
34 
AL34 2.62 2.64 Straight 
 
Straight 
 
33 
AL35 1.49 1.54 Curved Curved 
 
30 
AL36 2.13 1.05 Straight 
 
Curved 
 
34 
AL38 0.46 1.26 Curved Curved 
 
39 
AL40 1.43 1.11 Curved Curved 
 
21 
 
Table 4: Female Younger Group (18-44) 
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 Female <=45 Female >45 Male <=45 Male >45 
N 9 11 11 9 
Age (Mean) 31.4 53.9 32 57.2 
Right Loop (mm) 1.35 1.09 0.98 1.4 
Left Loop (mm) 1.52 1.02 1.35 1.31 
Loop (mm) 1.43 1.06 1.16 1.35 
Right Curved (%) 77.8 81.8 72.7 66.7 
Right Straight (%) 22.2 18.2 27.3 33.3 
Left Curved (%) 77.9 63.6 72.7 66.7 
Left Straight (%) 22.2 36.4 27.3 33.3 
 
Table 5: Findings Summary    
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